1. Introduction
===============

Vitamin D deficiency is a common and serious problem worldwide, and this problem has an unusually high prevalence in sunny countries, such as those in the Middle East ([@b1-epj-08-2269], [@b2-epj-08-2269]). Vitamin D is a steroid hormone that helps facilitate the metabolism of minerals, especially calcium, and it is essential for strong bones. This vitamin possesses receptors in most organs of the body, including the pancreas, stomach, genitals, brain, and skin ([@b3-epj-08-2269]--[@b5-epj-08-2269]). Severe vitamin D deficiency can result in several disorders, including the mineralization of bones, rickets in children and adults, along with osteoporosis and pathologic fractures in adults ([@b6-epj-08-2269]--[@b8-epj-08-2269]). In addition to being obtained through skin synthesis, vitamin D can be absorbed through sunlight, which has the major role in supplying the required vitamin D. Thus, if this mechanism provides sufficient vitamin D, the need to acquire it through one's diet would be alleviated. Different factors affect the skin's synthesis of vitamin D due to exposure to sunlight, such as the distance from the Earth to the sun in different seasons, air pollution, the climate in the area, exposure to sunlight, and the type of clothing ([@b9-epj-08-2269]--[@b11-epj-08-2269]). The results of various studies have shown that about one billion people worldwide have severe or medium vitamin D deficiency ([@b7-epj-08-2269], [@b12-epj-08-2269]--[@b14-epj-08-2269]). With a half-life of two to three weeks, total serum 25(OH) vitamin D levels are considered to be the best index to determine people's vitamin D deficiency. Thus, measuring the levels of 25-(OH) vitamin D could assist in diagnosing vitamin D deficiencies ([@b15-epj-08-2269]--[@b17-epj-08-2269]). In a study conducted in Yazd, severe vitamin D deficiency was reported in 53.7% of the participants, with 23.2% and 14.6% having medium and mild deficiencies, respectively ([@b18-epj-08-2269]). In another study conducted in Tehran in 2004, the prevalence of severe, medium, and mild vitamin D deficiency was reported as 9.5, 57.6 and 14.2% respectively ([@b19-epj-08-2269]). Another study of vitamin D deficiency was conducted in the urban populations of Tehran, Tabriz, Bushehr, Shiraz, and Mashhad among three age groups, i.e., people younger than 50, people in the age range of 50 to 60, and people older than 60. The results of the study indicated that, in the three age groups, medium to severe vitamin D deficiencies existed in 47.2, 45.7, and 44.2% of the males, respectively, and in 54.2, 41.2, and 37.5% of the females, respectively. According to the results of this study, the highest prevalence of medium to severe vitamin D deficiency was in males in Tehran, and the lowest prevalence was in females and males in Mashhad and Bushehr ([@b20-epj-08-2269]). Previous studies in Iran have shown significant vitamin D deficiencies in different groups. However, with regard to the high prevalence of vitamin D deficiency in Iran, it is essential to recognize the factors that affect this deficiency and to identify suitable strategies to overcome this problem. To that end, this study was conducted to investigate vitamin D levels and their relationship with the lipid profiles of patients who were referred to clinical laboratories in different districts of Mashhad. The results of this study could provide useful information for planning and conducting additional studies vitamin D deficiency in Iran.

2. Material and Methods
=======================

2.1. Research design and setting
--------------------------------

This retrospective cross-sectional study was conducted in 2015, and it included 1,110 patients who were referred to 10 laboratories in Mashhad for diagnoses, i.e., two laboratories in Jihad Daneshgahi and eight others in different districts. Laboratories were chosen that were dispersed throughout the city, such that a laboratory was selected in each of the 10 districts of Mashhad. The sample size consisted of all patients who were referred to laboratories for vitamin D and other tests for blood biochemical factors.

2.2. Data collection and analysis
---------------------------------

By obtaining an introduction letter from Payame Noor University of Mashhad (PUNM), the authors were referred to the laboratories to implement the plan. To collect the data, the required coordination was arranged by the Treatment Deputy of Mashhad University of Medical Sciences and the Head of Jihad Daneshgahi. Then, the lab officials were asked to present details of the patients (except their names) and the results of their tests. Specialists in laboratory sciences interpreted the results of the laboratory tests, and the authors assessed and analyzed the results of their interpretations. In this study, serum vitamin D levels of the patients were classified in four categories, i.e., vitamin D deficiency, insufficient amount of vitamin D, sufficient amount of vitamin D, and toxic amount of vitamin D (19 and 21), as defined below:

1.  Vitamin D level \< 20 ng/ml: vitamin D deficiency

2.  Vitamin D level = 20--30 ng/ml: insufficient amount of vitamin D

3.  Vitamin D level = 30--100 ng/ml: sufficient amount of vitamin D

4.  Vitamin D level \> 100 ng/ml: toxic amount of vitamin D

The raw data were entered into SPSS 13 software (SPSS Inc. Chicago, Illinois, USA), and they were analyzed using the Spearman rank correlation, ANOVA, and t-test. P \< 0.05 was considered as significant.

2.3. Research ethics
--------------------

The Research Ethics Committee of Mashhad University of Medical Sciences approved this study. The Deputy of Education of the University issued an introduction letter that allowed the researchers to enter the study area. In this study, it was not necessary to mention patients' names, and their details were extracted and used generally.

3. Results
==========

We investigated the test results of 1,110 patients who were referred to diagnosis laboratories in Mashhad in 2015. The patients were 848 females (76.4%) and 262 males (23.6%). The patients in the study were divided into four categories based on their ages, i.e., 1) younger than 20 (5.9%); 2) between 20 and 39 (28.8%); 3) between 40 and 59 (45.5%); and 60 and over (19.7%). The results showed that 68.8% were vitamin D deficient, 14.6% had unsuitable levels of vitamin D, 0.5% had toxic levels of vitamin D, and only 16.7% had suitable vitamin D levels. For the 1,110 patients in the study, [Table 1](#t1-epj-08-2269){ref-type="table"} shows their mean serum levels of vitamin D, cholesterol, triglycerides, calcium, High-density lipoproteins (HDL), and Low-density lipoprotein (LDL) by gender. The data in [Table 1](#t1-epj-08-2269){ref-type="table"} indicate that serum cholesterol and vitamin D levels were higher than normal in females. For males, the serum triglyceride level exceeded the recommended limit. LDL ('bad cholesterol') levels in females exceeded the recommended limit as well. The t-test showed a significant relationship between gender and HDL, LDL, Total cholesterol (TC), Triglyceride (TG) and vitamin D in the patients (p \< 0.05). No significant relationship was observed between calcium level and gender (p \> 0.05) ([Table 1](#t1-epj-08-2269){ref-type="table"}). The relationships between vitamin D and lipid profile by gender are shown in [Table 2](#t2-epj-08-2269){ref-type="table"}. The results showed that, in females, there was a significant relationship between vitamin D and cholesterol, triglycerides, HDL, and calcium, but there was no significant relationship between vitamin D and LDL. In addition, the results showed that there was no significant relationship between vitamin D and the calcium and lipid profiles (p \> 0.05). The results showed that the age ranges of the patients in the study were 2--90 for males and 4--85 for females. The Spearman test was used to investigate the relationship between age and biochemical factors in the patients in the study, and the results showed a positive and significant relationship between age, vitamin D, and calcium ([Table 3](#t3-epj-08-2269){ref-type="table"}). The ANOVA test showed that there was a significant mean difference between age and the biochemical factors (p \< 0.05), except for calcium. In addition, the Tukey follow-up test showed that the difference between the means of the serum lipid profiles and age was significant (p \< 0.05).

4. Discussion
=============

The results of this study showed a high prevalence of vitamin D deficiency in the population that was studied. In all areas in the study, both genders had considerable vitamin D deficiencies, with about two-thirds of the population that was studied having vitamin D deficiencies and males showing a higher prevalence than females. Unfortunately, the amount of vitamin D absorbed in the body through nutritional sources is not sufficient. Foods enriched with vitamin D are limited, and they cannot supply the amounts of vitamin D required for children or adults. This issue could be the major cause of the epidemic prevalence of vitamin D deficiency even in European and American nations ([@b21-epj-08-2269]). In fact, the major source of the human body's supply of vitamin D is the vitamin D that is produced when the human body is exposed to the ultraviolet rays of the sun ([@b16-epj-08-2269], [@b21-epj-08-2269]). The results of various studies have shown that there is a higher prevalence of vitamin D deficiency in Middle East countries than in European and American countries ([@b1-epj-08-2269], [@b7-epj-08-2269], [@b10-epj-08-2269], [@b13-epj-08-2269]). It appears that regional customs concerning clothing are major factors that affect the prevalence of vitamin D deficiency in Middle East and Islamic countries, especially among women. Therefore, in nations in which women's clothing covers most parts of their bodies, such as Saudi Arabia, United Arab Emirates, Jordan, Turkey, and Lebanon, the prevalence of vitamin D deficiency is greater ([@b7-epj-08-2269], [@b12-epj-08-2269], [@b18-epj-08-2269]). The results of this study were in good agreement with the results of Saeidnia's and Shakiba's studies ([@b12-epj-08-2269], [@b18-epj-08-2269]) in that all three studies showed a high prevalence of vitamin D deficiency in the patients that were studied. However, the results of this study did not confirm that the type of clothing had a significant effect on vitamin D deficiency, because this deficiency was found to be significantly greater in males than in females. In a study conducted in 2008 in Tehran, Shiraz, Tabriz, Mashhad, and Bushehr, a high prevalence of vitamin D deficiency was reported even in coastal areas and at low longitudes, where sun exposure is stronger and more direct. In this study, the major causes of the high prevalence of vitamin D deficiency was reported to be the lack of exposure to sunlight in spite of sufficient radiation in these areas (because of people's lifestyles), high pigmentation of the skin, and low nutritional intake of vitamin D and calcium ([@b2-epj-08-2269]).

In this study, a significant relationship was shown between vitamin D and amounts of serum lipids (HDL, cholesterol, and triglycerides) and calcium. This finding could represent the effectiveness of vitamin D with serum lipid profile in the body. Low calcium intake increases the catabolism of vitamin D. In previous studies, no apparent differences were identified between daily calcium intake and normal and low vitamin D levels ([@b19-epj-08-2269]). In this study, no significant decrease was observed in serum vitamin D levels with increasing age, as has been reported in other studies ([@b23-epj-08-2269]--[@b25-epj-08-2269]). There was a significant and direct relationship between age and vitamin D levels along with serum calcium and age of the patients, i.e., when the vitamin D levels were increased or decreased, the calcium levels were increased or decreased as well. Various studies of different age groups have produced different results of vitamin D deficiency, especially in elderly patients ([@b26-epj-08-2269], [@b27-epj-08-2269]).

5. Conclusions
==============

The prevalence of vitamin D deficiency is high in Mashhad, and the prevalence is greater in men than in women. There was a direct and significant relationship between vitamin D and lipid profiles. A positive and significant relationship was observed between the decrease of vitamin D and the decrease of serum calcium, which may reflect the lack of dairy products consumed by the patients because of low economic status, poor nutrition, and lifestyle (avoiding exposure to sunlight). It appears that vitamin D deficiency is a common health issue in Mashhad that requires basic planning, especially to enrich food products with vitamin D and to increase peoples' awareness about this vitamin and the ways to increase its serum levels, especially in adults.
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###### 

Mean and standard deviation of biochemical indices in the patients by gender

  Variables           Gender (Mean ± SD)   p-value            
  ------------------- -------------------- ------------------ -------
  LDL (gr/dl)         116.50 ± 31.318      123.26 ± 30.758    0.002
  HDL (gr/dl)         49.02 ± 16.675       52.09 ± 16.365     0.008
  TC (gr/dl)          194.76 ± 43.465      202.13 ± 42.832    0.016
  TG (gr/dl)          153.12 ± 117.540     136.18 ± 86.599    0.031
  Calcium (gr/dl)     9.504 ± 0.6043       9.492 ± 3.2082     0.953
  Vitamin D (gr/dl)   13.384 ± 13.3331     18.475 ± 19.0097   0.000

###### 

Relationship of vitamin D levels with biochemical factors in the patients by gender

  Biochemical factors   Male     Female           
  --------------------- -------- -------- ------- ---------
  TC                    −0.006   0.917    0.070   0.040\*
  TG                    −0.045   0.466    0.115   0.001\*
  LDL                   −0.021   0.739    0.001   0.982
  HDL                   0.083    0.179    0.100   0.004\*
  Calcium               0.098    0.113    0.119   0.001\*

###### 

Relationship between serum vitamin D levels and serum lipid profiles in the patients by age

  Lipid profile   Age group (year)                                                                  
  --------------- ------------------ ---------- --------- ---------- --------- ---------- --------- -------
  Spearman        p-value            Spearman   p-value   Spearman   p-value   Spearman   p-value   
  TC              −0.068             0.589      −0.089    0.113      −0.017    0.705      −0.007    0.918
  TG              −0.148             0.235      0.015     0.786      −0.073    0.103      −0.006    0.926
  LDL             −0.046             0.711      −0.093    0.097      0.003     0.941      −0.032    0.637
  HDL             −0.005             0.970      −0.048    0.396      0.031     0.490      0.021     0.756
  Calcium         0.012              0.922      0.013     0.818      0.110     0.013\*    0.132     0.051
